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R958these monochromatic lineages in
Tanganyika diversified primarily by
natural selection, while Haplochromini
in lakes Malawi and Victoria and
dichromatic Tanganyikan lineages
diversified primarily by sexual
selection.
Several other open questions are
relevant for understanding cichlid
adaptive radiations. For instance, why
do only certain lineages show sexual
dichromatism? Two conditions need to
be simultaneously met for the evolution
of sexual dimorphism: a net selection
differential and an imperfect genetic
correlation between the sexes [14].
Which of these two conditions differ
among cichlid lineages is still unknown.
Thus, more data on the genetic
architecture and rates of evolution
of female and male traits are necessary
to understand what makes sexual
dichromatism such a powerful
speciation driver in cichlids; or has
hybridization shaped the radiation of
diverse monochromatic lineages as it
did in dichromatic ones [15,16]? Many
of the above questions are tightly
linked and can be addressed using
the high-quality genome and
transcriptome data now starting to
become available [17].
The cichlid model system
exemplifies the progress that has been
achieved in our understanding of
speciation and adaptation [2]. It also
makes visible the knowledge we are
still lacking in speciation research. Weanticipate these and other questions
will prompt the writing of new tomes on
cichlid adaptive radiations and their
mechanisms of speciation, and further
advance our understanding of
biodiversity in general. To that end we
need more empirical data on intrinsic
species traits, and their extrinsic
environments to feed and contrast the
myriad of existing mathematical
models of speciation [10]. In particular,
with the arrival of the much-anticipated
cichlid genomes, we will open an
unprecedented window into the
evolution of this charismatic model
system.
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RevealedA multiprotein complex called cohesin mediates sister chromatid cohesion by
entrapping sister DNAs into a tripartite ring. Recent studies show that Wapl
opens the newly identified DNA exit gate of the cohesin ring, only when Smc3 is
deacetylated, and that mutations in human Smc3 deacetylase cause
a developmental disorder.Yuya Yamagishi
and Yoshinori Watanabe*
The interconnection of sister
chromatids, established during their
synthesis at S phase and maintained
until their disjunction at anaphase, is
essential for faithful chromosome
partition in mitosis. This connection ismediated by a multiprotein complex
called cohesin, which consists of two
rod-shaped proteins, Smc1 and Smc3,
the kleisin family protein Scc1 (also
called Mcd1/Rad21), and Scc3 (SA1/
SA2) [1]. Within this complex, Smc1
and Smc3 bind to each other to form
a V-shaped heterodimer, whose
opposite ends are linked by the kleisinsubunit Scc1, thus creating a tripartite
ring structure that can entrap sister
chromatids [2] (Figure 1). The cohesin
ring can be loaded onto chromosomes
throughout the cell cycle, and this
is dependent on the loader complex
Scc2–Scc4. However, sister chromatid
cohesion is usually established only
during S phase, when Smc3 is
acetylated by replication-fork-
associated Eco1 [3–5]. Conversely,
the dissociation of cohesin from
chromosomes occurs potentially
via two distinct pathways. When
chromosomes separate at the onset of
anaphase, an activated endopeptidase
called separase cleaves the Scc1
subunit to open the cohesin ring,
thus releasing sister DNAs [6]. In an
alternative pathway, the Wapl protein,
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Figure1. Cohesin uses distinct DNA entry and exit gates.
Scc1 links the Smc1–Smc3 heterodimer, forming a tripartite ring. The Scc2–Scc4 complex
loads cohesin onto chromatin by opening the Smc1–Smc3 interface. In contrast to the loading
process, Wpl1 releases cohesin from chromatin by opening the Smc3–Scc1 interface.
Smc3 acetylation by Eco1 antagonizes this cohesin-releasing activity, thereby stabilizing or
establishing cohesion.
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R959which binds directly to cohesin,
releases it from chromatin without
cleavage, presumably by producing
a secondary exit gate in the cohesin
ring [7,8]. It has been shown
genetically that Smc3 acetylation
by Eco1 antagonizes the
cohesion-releasing activity of Wapl;
however, it is unclear how Wapl
releases cohesin from chromosomes
and how this process is antagonized
by Smc3 acetylation.
Recently, using budding yeast, Kim
Nasmyth and colleagues [9] revealed
that pericentric cohesin turnover
occurs throughout the entire cell cycle
in a Wpl1 (Wapl homolog)-dependent
manner, and that thecohesion-releasing
activity of Wpl1 destroys sister
chromatid cohesion when Eco1 is
absent. They also showed that the
releasing activity of Wpl1 is reduced in
previously described smc3, scc3, and
pds5 mutants, in which Eco1 becomes
dispensable for sister chromatid
cohesion [4,5,10–12], suggesting the
involvement of the Scc3 and Pds5
subunits in the regulation of Wpl1.
Crucially, the expression of an
Smc3–Scc1 fusion protein suppresses
the lethality of the eco1 deletion and
inhibits Wpl1-dependent cohesin
turnover. Importantly, fusion at the
Smc1–Scc1 interface does not
suppress eco1 deletion, suggesting
that the Scm3–Scc1 interface serves
as the DNA exit gate in the cohesin ring
(Figure 1). The same group previously
demonstrated that covalent linkage of
the Smc1–Smc3 interface prevents
cohesin loading onto chromatin [13],
indicating that this interface acts as
the DNA entry gate (Figure 1). Thus,
the exit and entry gates differ in the
tripartite cohesin ring. Although this
finding is an important endorsement of
the cohesin ring model, several issues
still remain to be resolved, including
the mechanism of Wpl1-dependent
disengagement of Scc1 from Smc3
and how Smc3 acetylation
antagonizes this activity. It was
previously shown that Wpl1 interacts
with Scc1 [14], so in the light of
these most recent data it’s possible
that this interaction disrupts the
Scm3–Scc1 interface, allowing
cohesin to dissociate from DNA. The
effect of Wpl1 in this model would
presumably be opposed by Smc3
acetylation, which leads to the
dissociation of Wpl1 from the cohesin
complex [9,14,15]. Further studies will
be required to determine whether thismodel is correct and to elucidate the
precise details.
Some eukaryotic organisms
inherently lack both the Eco1 and
Wapl proteins, suggesting that the
cohesin-loading and cleavage
processes mediated by Scc2–Scc4
and separase, respectively, are
sufficient to sustain the sister
chromatid cohesion cycle during
eukaryotic cell division. Indeed,
yeast cells depleted of Wpl1 or even
for both Eco1 and Wpl1 are viable.
Thus, slightly different from the initial
idea of considering Eco1 as
a cohesion establishment factor, the
core cohesin complex itself may have
an intrinsic ability to establish
cohesion without Eco1 or cohesin
acetylation. Nevertheless, the DNA exit
gate controlled by Eco1/Wapl appears
to be conserved from yeast to
humans, indicative of its importance.
In mitotic mammalian cells, cohesin
is largely dissociated from the
chromosome arms by the so-called
prophase pathway, which is required
for the assembly of well-resolvedmitotic chromosomes. This process
largely depends on the
cohesion-releasing activity of Wapl.
It’s also possible that Wapl1’s
cohesin-releasing activity might be
important in other contexts, such as in
transcriptional regulation, consistent
with the recently discovered role of
cohesion in transcriptional regulation
in several organisms [16].
Although Smc3 is acetylated during
S phase, this is cancelled at anaphase
by the activity of a deacetylase. In
budding yeast, deacetylation is
catalysed by Hos1 [17–19], the
depletion of which causes a modest
sister chromatid cohesion and
segregation defect. However, the
forced degradation of Eco1 after
mitosis impairs the establishment
of cohesion in the next cell cycle
in Hos1-depleted cells, even
though a significant amount of
‘non-deacetylated’ Smc3 exists. These
results suggest that non-deacetylated
Smc3 cannot be reused in the next cell
cycle to establish sister chromatid
cohesion. Recently, Deardorff et al. [20]
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R960reported that vertebrate HDAC8 acts
as a cohesin deacetylase and,
remarkably, that mutations in this gene
turn out to be a reason for the human
developmental disorder described as
Cornelia de Lange syndrome. In human
cells treated with an HDAC8 inhibitor,
the cleaved fragments of Scc1 as well
as other cohesin subunits remain
associated with Smc1–Smc3 in G1
phase, whereas such pro-cohesive
complexes are not detected in
untreated cells. Thus, in human cells as
suggested in yeast, the deacetylation
of Smc3 might be required for
disassembly of pro-cohesive cohesin
complex and for recycling refreshed
cohesin for the next cell cycle. Notably,
because both the amino- and
carboxy-terminal Scc1 fragments
remain in the cleaved cohesin
complexes in cells treated with HDAC8
inhibitor [20], the disassembly of the
cohesin complex during anaphase may
occur at both the Smc3–Scc1 and
Smc1–Scc1 interfaces in the cohesin
ring. This is an apparent contradiction
to the yeast study indicating that the
Smc3–Scc1 interface is the sole target
of Wapl and Smc3 deacetylation
(Figure 1). Importantly, in
HDAC8-depleted cells, many cohesin
localization sites exhibit reduced
occupancy, which might lead to the
transcriptional dysregulation observed
in fibroblasts isolated from Cornelia de
Lange syndrome patients [20].
Currently, however, the causal
relationship between the change in
cohesin localization sites and
transcriptional dysregulation is
unknown.
As noted above, it has emerged that
the cohesin protein complex, which
functions in sister chromatid cohesion
and chromosome segregation, also
regulates gene expression. However, it
remains largely unclear how cohesin orcohesion regulates transcription.
Cohesin dynamics, influenced by
acetylation and Wapl, may modulate
the chromatin topology required for
transcriptional regulation during
interphase. Detailed analysis of the
three-dimensional chromatin
architecture and transcription profile
in Wapl-depleted versus wild-type
cells will advance our understanding of
the link between cohesin and
transcription.
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*E-mail: ywatanab@iam.u-tokyo.ac.jphttp://dx.doi.org/10.1016/j.cub.2012.09.049Transcription: Base J Blocks the WayHow do cells stop transcribing RNA Polymerase II to promote proper gene
expression and prevent transcriptional havoc in the genome? In the case
of Leishmania, a uniquely modified DNA base blocks RNA Polymerase II
and suggests an interesting new model for transcription termination.Dane Z. Hazelbaker
and Stephen BuratowskiGiven the pervasive transcription of
eukaryotic genomes [1,2], where RNApolymerase stops can be just as
important as where it starts. Premature
termination leads to truncated
transcripts and potentially
non-functional gene products.
Conversely, transcription past
a terminator (transcriptional
readthrough) produces defective
readthrough transcripts and
a trespassing polymerase that can
tamper with downstream genes or
